Fibroblast growth factor-8 (FGF-8) is an important signaling molecule in the generation and patterning of the midbrain, tooth, and limb. In this study we show that it is also involved in eye development. In the chick, Fgf-8 transcripts ®rst appear in the distal optic vesicle when it contacts the head ectoderm. Subsequently Fgf-8 expression increases and becomes localized to the central area of the presumptive neural retina (NR) only. Application of FGF-8 has two main effects on the eye. First, it converts presumptive retinal pigment epithelium (RPE) into NR. This is apparent by the failure to express Bmp-7 and Mitf (a marker gene for the RPE) in the outer layer of the optic cup, coupled with the induction of NR genes, such as Rx, Sgx-1 and Fgf-8 itself. The induced retina displays the typical multilayered cytoarchitecture and expresses late neuronal differentiation markers such as synaptotagmin and islet-1. The second effect of FGF-8 exposure is the induction of both lens formation and lens ®ber differentiation. This is apparent by the expression of a lens speci®c marker, L-Maf, and by morphological changes of lens cells. These results suggest that FGF-8 plays a role in the initiation and differentiation of neural retina and lens. q
Introduction
During initial stages of vertebrate eye development paired diverticula, called optic vesicles, bulge from the ventral diencephalic wall and expand laterally until they contact the head ectoderm. At the point of contact a mutual induction occurs, the lens placode forms, and the distal pole of the optic vesicle invaginates forming a bilayered optic cup. The outer and inner layer of this cup, though derived from the same neuroepithelial precursors, go on to form two distinct tissues. The cells of the outer layer will produce pigment and become the single layered, cuboidal, nonneuronal retinal pigment epithelium (RPE). The cells of the inner layer will give rise to the architecturally stereotyped array of neuronal and glial cells constituting the neural retina (NR). Determination as NR and RPE likely involves local signaling between inner and outer optic cup layers (presumptive NR and RPE, respectively), head ectoderm and/or surrounding mesenchyme. Nevertheless, the cells of the optic cup do remain multipotent for some time. For example, RPE cells can transdifferentiate into NR and vice versa (reviewed in Reh and Pittack, 1995) .
The lens continues to develop by invagination and rounding up of the placode which separates from the rest of the head ectoderm to form the lens vesicle. The posterior cells of the vesicle soon stop dividing, elongate, and produce lens structural proteins (McAvoy, 1978) . In contrast, anterior cells remain a proliferative, cuboidal epithelium which serves the continued growth of the lens. The signals involved in growth and patterning of the lens (Jean et al., 1998) may derive from the optic vesicle and presumptive NR (Coulombre and Coulombre, 1963; Yamamoto, 1976) .
Several members of the family of ®broblast growth factors (FGF), consisting, at present, of 18 members, (see Martin, 1998 and references therein; Miyake et al., 1998; Ohbayashi et al., 1998) are implicated in retina and lens development in vertebrates. Speci®cally, both Fgf-1 and Fgf-2 are strongly expressed in the head ectoderm and lens and continue to be expressed in the adult eye (e.g. de Iongh and McAvoy, 1992; Pittack et al., 1997) . Recently, transcripts of Fgf-8 and -15 have been detected in the inner layer of the optic cup in mice (McWhirter et al., 1997; Reifers et al., 1998) , and Fgf-3, -5 and -12 are expressed in the retina at later stages of development (Wilkinson et al., 1989; Kitaoka et al., 1994; Hartung et al., 1997) . None of the other FGF-family members has been reported to be present in the optic cup or vesicle. FGF receptors (FGFR) are expressed in the developing ocular tissue at appropriate stages to their ligands (Orr-Urtreger et al., 1991 , 1993 Partanen et al., 1991; Peters et al., 1993) further supporting the idea that FGFs are important in developmental signaling in the eye.
Ectopic application of FGF-1 and -2 affects retinal development (Reh and Pittack, 1995) . When presumptive or differentiated RPE is exposed to FGF-2 in vitro and in vivo the RPE transdifferentiates into NR (see Park and Hollenberg, 1991; Pittack et al., 1991 Pittack et al., , 1997 Guillemot and Cepko, 1992; Hyer et al., 1998) . Other growth factors such as epidermal growth factor and transforming growth factor-b (TGF-b) do not have the ability to convert RPE into NR in vitro (Park and Hollenberg, 1991; Pittack et al., 1991) .
Exogenously applied FGF-1 and -2 induce lens cells to migrate, proliferate and differentiate in a dose-dependent manner (McAvoy and Chamberlain, 1989) , an effect not seen with overexpression of Fgf-1 and Fgf-2 (Robinson et al., 1995b; Stolen et al., 1997) , presumably due to lack of a functional secretory signal sequence. However, transgenic mice overexpressing Fgf-3, -5, -7, -8 or -9 in the lens undergo early ®ber differentiation (reviewed in Chamberlain and McAvoy, 1997; Lovicu and Overbeek, 1998) . Finally, in agreement with a role for FGFs, overexpression of a dominant-negative FGFR results in inhibition of lens ®ber differentiation (Chow et al., 1995; Robinson et al., 1995a) .
We have investigated the expression of Fgf-8 in the developing chick eye and the short and long-term effects of ectopic overexpression. Initiation of Fgf-8 expression is associated with contact of the optic vesicle with head ectoderm. In contrast to other FGFs in the chick eye, Fgf-8 is detected exclusively in the presumptive NR portion of the optic vesicle and continues to be present here at later stages of development. FGF-8 coated beads implanted into the mesenchyme surrounding the optic vesicle/cup of young chick embryos converts presumptive RPE into NR. Thè duplicated' NR fails to express the microphthalmia associated transcription factor (Mitf ), the bone morphogenetic protein-7 (Bmp-7), and the paired-like homeobox-containing transcription factor-6 (Pax-6), genes normally expressed in the RPE. However, it does express early neuronal markers such as Fgf-8, retinal homeobox gene (Rx) and the sensory organ homeobox-containing gene (Sgx-1). Subsequently this ectopic NR differentiates into a virtually normal NR. FGF-8 application also leads to induction of ectopic lens tissue and lens ®ber differentiation, as con®rmed by expression of a lens speci®c marker, L-Maf. These data suggest that FGF-8, possibly in conjunction with other family members, plays a role in NR and lens development.
Results

Fgf-8 is expressed during chick eye development
Strong expression of Fgf-8 was detected in the anterior neural plate at stage 9 (eight somites, data not shown). At the time lens formation is initiated, Fgf-8 transcripts are detected in the distal-most part of the optic vesicle (presumptive NR), the portion which initially contacts head ectoderm (Fig. 1A) . Between stages 13 and 15 the lens placode induces the optic vesicle to invaginate to form the bilayered optic cup. During these stages Fgf-8 expression is localized to the presumptive NR underlying the invaginating lens placode (Fig. 1B,C) . At this initial stage of optic cup formation Fgf-8 transcripts are expressed in the central part of the presumptive retina (Fig. 1C) , extending further on the nasal side where it is continuous with expression in the optic stalk (data not shown). Fgf-8 expression in the NR is relatively weak compared to other regions such as the midbrain/hindbrain junction (data not shown). Over time the retinal area showing Fgf-8 expression spreads outward ( Fig. 1) although no transcripts were observed in the furthest peripheral zone at any stage of development (Fig. 1C,D) . Stage 27±29 embryos appeared to express Fgf-8 transcripts more abundantly in the dorsal area of the central retina (data not shown). Further, expression was strongest temporally and gradually decreased nasally at this stage (Fig. 1E) , suggesting that FGF-8 might also play a role in nasal-temporal patterning of the retina.
By stage 35/36, when retinal cytoarchitecture is beginning to emerge, Fgf-8 expression was localized to the middle of the developing inner nuclear layer (INL; Fig.  1E ), and in the just forming outer plexiform layer (OPL; Fig. 1F ). The former is the approximate level of the cell bodies of Mu Èller glia and bipolar cells in the adult. We did not detect Fgf-8 transcripts in the lens or RPE at any stage of development (Fig. 1). 
FGF-8 converts presumptive RPE into NR in vivo
FGF-1 can convert presumptive RPE into NR in vivo implicating FGF-1 in the induction and maintenance of the NR. However, NR development is observed in the absence of the Fgf-1 expressing head ectoderm (Hyer et al., 1998) . These ®ndings indicate that FGFs expressed in the presumptive NR rather than in ectoderm might be involved in NR induction. To determine whether FGF-8 is capable of converting presumptive RPE into NR, we unilaterally implanted beads into the head mesenchyme just temporal to the optic vesicle at stages 8±14 of chick development.
Application of FGF-8 at stages 8±10, a period before the optic vesicle contacts head ectoderm, caused the vesicle to regress and the eye failed to develop (see below; eight out of ten cases). Embryos exposed to FGF-8 beads at later stages developed eyes but they showed a distinct reduction or loss of pigmentation in the outer optic cup layer (100% of cases; Fig. 2B ). Generally, the loss of pigmentation was greater the earlier in development the embryos were exposed to the FGF-8 bead.
Histological sections of the FGF-8-treated embryos revealed that the unpigmented area of the outer optic cup induced by the FGF-8 bead had lost its single layered, cuboidal phenotype and developed into a thickened, multilaminated, NR-like structure (e.g. Fig. 3B,D ,F,H,J). Conversion into a NR-like tissue was not dependent on the placement of the bead since an identical effect was observed adjacent to the bead when it was applied nasally (four of four cases; data not shown).
To test whether the loss of pigmentation and change in morphology resulting from FGF-8 exposure represented a true fate change, we assayed the expression of a variety of transcription and growth factors that distinguish NR and RPE during the initial stages of eye development. Genes that are normally expressed in the NR include: Fgf-8 (see above; Fig. 1D ), Rx, a retina homeobox containing gene ( Fig. 3C ; Mathers et al., 1997) , and Sgx-1, a sensory organ homeobox-containing gene ( Fig. 3G ; Deitcher et al., 1994) . Among the genes expressed in the presumptive RPE are the microphthalmia associated transcription factor (Mitf ), and the paired class homeobox gene-6 (Pax-6). While Mitf expression is only detected in cells of the developing RPE ( Fig. 3A ; Mochii et al., 1998) , expression of Pax-6 is found both in the NR and RPE at early stages of eye development ( Fig. 3I ; Walther and Gruss, 1991) . Following FGF-8 bead application at stage 11 to 14 Fgf-8, Rx, and Sgx-1 expression was induced in the cells of the outer layer of the optic cup that would normally develop into RPE (Fig. 3D,F,H) . Moreover, Sgx-1, normally expressed in the nasal NR only, is also induced on the temporal side of the native retina (Fig. 3H) . In contrast, a gene expressed in the RPE, Mitf, was no longer expressed in cells of the outer layer of the optic cup near the FGF-8 source (Fig. 3B ). Pax-6 expression was initially absent in the induced NR (Fig. 3J) , but was present at later stages of NR development (see below). Control experiments using PBS soaked beads did not result in alterations in gene expression in the eye (Fig.  3A ,C). 
The FGF-8 induced NR goes on to show signs of differentiation
To determine whether the outer cup layer induced to form ectopic NR goes on to differentiate we examined retinal histology and the presence of molecules expressed at later stages of development.
When FGF-8 beads were implanted into stage-11±14 chick embryos and analyzed 5±8 days later, both the inner and outer layer of the optic cup on the FGF-8-treated side showed signs that the retinal architecture was forming normally. Nuclear staining and observation with differential interference contrast microscopy revealed that the ganglion cell and inner plexiform layers were apparent and the OPL was in the early stages of formation (Fig. 4) . Several molecules expressed exclusively in the NR at successive stages of development are also present in the outer cup layer. These include the proneural gene Cash-1, the transcription factor Pax-6, the LIM homeodomain protein islet-1 which in the retina is detected in postmitotic ganglion cells and migrating amacrine cells (Fig. 4F; Galli-Resta et al., 1997) . All these markers were expressed in the NR on the untreated side, the native NR of the treated side and, as a mirror image, on the ectopic, induced retina on the treated side (islet-1 expression is shown in Fig. 4G ; data for Cash-1 and Pax-6 are not illustrated).
To pursue the potential of the induced outer cup layer to differentiate as NR we looked at the further expression of several molecules present in adult NR cells: synaptotagmin, a vesicle-associated membrane protein expressed in the plexiform layers (Hering and Kro Èger, 1996) , ChAT, an enzyme expressed in cholinergic cells (Spira et al., 1987) and GABA and glycine, amino acid neurotransmitters in many retinal cells, particularly amacrine cells. Synaptotagmin was detected in native NR and induced tissue in the nerve ®ber layer (NFL), IPL and faintly in the forming OPL ( Fig. 4C,E ; two of two cases). ChAT, GABA and glycine are expressed in putative amacrine cells of the GCL and inner INL of both the native and newly induced NR (ChAT expression is shown in Fig. 4H ; data for GABA and glycine are not illustrated).
In all cases the cytoarchitecture of the induced NR was a mirror-image of the native. The NFL of the native NR is adjacent to the vitreous, while in the ectopic, induced retina it is adjacent to the choriocapillaris (Fig. 4E,G,I ). Thus, FGF-8 treatment results in a fully differentiated NR derived from presumptive RPE.
Bmp-7 expression is complementary to Fgf-8 expression during early eye development
FGF-8 is expressed endogenously by the NR during normal development but does not convert adjacent presumptive RPE into NR, while FGF-8 bead application does. This suggests that an inhibitory signal present in the presumptive RPE might antagonize NR derived FGF signaling. Bone morphogenetic protein-7 (BMP-7), a member of the TGF-b family is a potential candidate in such inhibition for a number of reasons. First, BMPs antagonize FGF function (and vice versa) in several developing systems (e.g. Niswander and Martin, 1993a,b) . Second, Bmp-7 is expressed by the RPE in mouse at later stages of eye development (Dudley et al., 1995; Luo et al., 1995) .
The timing and spatial pattern of Bmp-7 expression in the early developing chick eye was investigated and compared to that of Fgf-8. At stage 11 transcripts of Bmp-7 extend from the lateral diencephalic wall into the dorsal part of the optic stalk and optic vesicle (Fig. 5A) . By stages 14±16, strong Bmp-7 expression is restricted to cells of the presumptive RPE, and weak or absent in the NR (Fig.  5B,C) . At stage 18/19, Bmp-7 transcripts are particularly abundant in the RPE at the ciliary margin and in the nearby ocular mesenchyme and ectoderm (Fig. 5D,E) . Weak Bmp-7 expression is also detected in the NR at the ciliary margin, but no transcripts were observed in the central part of the NR and RPE (Fig. 5D ). When the Bmp-7 and Fgf-8 expression patterns are compared, no Fgf-8 expression was observed in the Bmp-7 expressing RPE or ciliary marginal zone (CMZ). On the other hand, overexposure to FGF-8 by bead implantation inhibits Bmp-7 expression in the peripheral areas of the presumptive RPE, the adjacent ocular mesenchyme and ectoderm and in the CMZ of the NR ( Fig. 5F ; four of four cases). 
A role for FGF-8 in lens development
FGFs are implicated in lens development (for review see Chamberlain and McAvoy, 1997) , and recently, Lovicu and Overbeek (1998) showed that FGF-8 is able to induce lens ®ber differentiation in transgenic mice though they were unable to detect it in the wild-type mouse eye. To address the potential role of FGF-8 in lens development we analyzed the expression of L-Maf, a member of the Maf oncogene family, following FGF-8 application. Previously, Ogino and Yasuda (1998) have shown that L-Maf is the earliest known marker of lens ®ber differentiation and that it binds to and activates crystallin genes. We observed a variety of effects of FGF-8 treatment on lens development depending on the stage at which the treatment was performed. When FGF-8 was applied prior to the optic vesicle contacting head ectoderm (stages 9±10) the vesicle regressed and the retina failed to form although L-Maf-positive cells were later observed in the eye region. When FGF-8 was applied at stages 11±13, by which time the optic vesicle had physically contacted the head ectoderm, a lens was induced although it was often larger than the contralateral, control, eye (Fig.  6B,C) . Sectioning this tissue revealed that the cells within the lens had an elongated morphology indicative of ®ber differentiation (data not shown). We observed strong LMaf expression within these malformed lenses which was graded and strongest in the cells nearest the FGF-8 bead (Fig. 6E) . We also frequently observed ectopic, L-Maf-positive lens tissue in the ectoderm in these animals (Fig. 6C,F) .
Discussion
We have identi®ed FGF-8 as a potential signaling molecule involved in both NR and lens development. The spatiotemporal expression of Fgf-8 in the distal part of the optic vesicle at the time it contacts head ectoderm, and later in the central region of the presumptive NR is consistent with an involvement in NR and lens speci®cation. Local application of FGF-8 protein in vivo induces cells of the presumptive RPE to differentiate into ectopic NR which goes on to mature. FGF-8 application also leads to lens ®ber differentiation and the formation of ectopic lens tissue.
FGF-8 appears to play an important role in determining NR
FGFs have long been implicated in retinal speci®cation (see Hicks, 1998) . FGF-1 and -2 can lead to the transdifferentiation into NR of cells already showing signs of RPE differentiation (see Park and Hollenberg, 1991; Pittack et al., 1991; Guillemot and Cepko, 1992) and are able to direct presumptive, not yet determined, RPE, to form NR (Pittack et al., 1997; Hyer et al., 1998) . Fgf-1 and -2 are strongly expressed in the head ectoderm in proximity to interact with the optic vesicle (de Iongh and McAvoy, 1992) and therefore might be involved in NR induction. Consistent with this, experiments that interfere with endogenous FGF-2 signaling in vitro and in vivo lead to a failure of NR induction or differentiation (Pittack et al., 1997; Desire et al., 1998a,b) .
The even more restricted spatio-temporal expression pattern of Fgf-8, as well as the functional data from this study suggest that FGF-8 is also a good candidate to be involved in NR induction. First, Fgf-8 expression is restricted to the presumptive and developing NR exclusively. Second, similar to FGF-1's effect (Hyer et al., 1998) , FGF-8 application causes the presumptive RPE to adopt a NR phenotype in vivo. As part of this fate change FGF-8 inhibits expression of Mitf a marker gene normally expressed in the RPE, and induces expression of the NR-speci®c genes Rx and Sgx-1. Importantly, Fgf-8 itself is induced in the ectopic NR, suggesting that endogenous FGF-8 is required for continued development of the NR. Although Pax-6 expression is initially not detected in the FGF-8-induced NR, it does appear at later stages of differentiation. The reason for this delayed expression requires further study.
The outer optic cup layer induced by FGF-8 as NR proceeds to show clear signs of differentiation as apparent by the expression of various markers, such as islet-1 and synaptotagmin expressed normally at increasingly later stages of development. The pattern of expression of these markers is identical to that in the native retina. The induced NR differs from native retina only in the relationship of the retinal surfaces. Speci®cally, the inner, ganglion cell layer and outer, photoreceptor layer, face the choroid and vitreous, respectively, an orientation the reverse of that seen for normal, native retina. This pattern indicates that the ventricular-vitreal polarity of the retinal neuroepithelium is of primary importance in organizing retinal architecture.
Which speci®c FGF-family members are involved in NR development is at present not clear. The lack of speci®city of ligand and receptor in FGF signaling makes it dif®cult to differentiate between the FGF(s) which actually participate in NR and lens determination during normal development and those which may do so by mimicking this effect when arti®cially applied. We argue that FGF-8 is a good candidate for an endogenous cue due to the compatibility of the timing and spatial extent of its expression and the ability to promote ®nal differentiation of NR cells in ectopic induced tissues. Final determination of the identities of the FGF members involved will require further work including function blocking assays. However, eye morphology in the zebra®sh acerebellum mutant (Picker et al., 1999) , in hypomorphic FGF-8 mouse (Meyers et al., 1998) and in the FGF-2 knockout mouse (Dono et al., 1998; Ortega et al., 1998; Ozaki et al., 1998; Tobe et al., 1998; Zhou et al., 1998) appears to be more or less normal. Thus, neither FGF-2 nor FGF-8 alone is required for the initiation of NR development ± possibly they act in concert. Studies using tissuespeci®c transgenics and double knockouts will provide valuable information as to which speci®c FGF-family members are involved in vertebrate eye development and how they interact.
Endogenous FGF-8 in the NR does not normally convert presumptive RPE
Applied FGF-8 can change the fate of presumptive RPE while Fgf-8 expressed normally within the NR does not. Similarly, Fgf-2 expressed in presumptive RPE (Pittack et al., 1997) does not convert RPE into NR in the course of normal development. These observations suggest a mechan- ism preventing endogenous FGF-8 from inducing neuronal differentiation in the RPE. We favor the hypothesis that inhibitory molecule(s) in the presumptive RPE antagonize the inductive effect of FGF, and explore the potential of BMP-7 to be one of these. It is known that the BMPs antagonize FGF signaling (and vice versa) in several developing systems (e.g. Niswander and Martin, 1993a,b) . Indeed, activin and Bmp-7 are expressed at the appropriate time and place to serve as antagonists of FGF-8 signaling during the initial stages of eye development (Hemmati-Brivanlou et al., 1992; Dudley et al., 1995; Luo et al., 1995; this study) . Our data show that Bmp-7 is expressed strongly in the RPE at the time presumptive RPE is susceptible to differentiating as NR through the signaling of FGFs (Coulombre and Coulombre, 1965) . After RPE cell fate is determined, Bmp-7 expression is reduced or lost in the central part of the tissue.
FGF-8 and BMP-7 concentrations could be important parameters in regulating normal retinal development. We ®nd relatively low levels of Fgf-8 staining in presumptive NR during the initial stages of eye development (Fig. 2C) . In other signaling centers (e.g. midbrain/hindbrain junction, nasal placode), at the same stage, Fgf-8 expression is stronger. When we experimentally increase the concentration of FGF-8 protein by ectopic application the level may become suf®ciently high to overcome antagonism by BMP-7. A similar dose-dependent inhibition of BMP signaling by FGFs (and vice versa) has been shown in a proliferation assay with cultured limb mesenchymal cells (Niswander and Martin, 1993a,b) .
Our data support a model previously proposed by Pittack et al. (1997) suggesting an antagonism between activin and FGF signaling during eye development. Speci®cally, we propose that Bmp-7 alone or in conjunction with other TGF-b family members inhibits neural induction (e.g. via FGF-8 signaling) allowing differentiation as RPE. Preliminary experiments from our lab supports a role of BMP in eye morphogenesis. Application of BMP-4 beads temporal to the optic vesicle early in eye development gives a phenotype ranging from failure of eye formation to a great reduction in eye size (Vogel-Ho Èpker, unpublished data). The mechanism by which FGF and BMP signaling are linked is not known. However, in the case of EGF it has been shown that MAPKdependent phosphorylation of Smad-1 prevents translocation to the nucleus, thereby inhibiting BMP-mediated signaling (Kretzschmar et al., 1997) . FGFRs activate the MAPK signaling pathway (see Mason, 1994) . In this way Smad/MAPK interactions provide a possible mechanism by which tyrosine kinase receptors such as the FGFRs can interact with the BMP signaling pathway during vertebrate eye development (for review see Whitman, 1998) .
Involvement of FGF-8 in lens induction and lens ®ber differentiation
In chick and mouse the optic vesicle is required for both the formation of the lens placode and the induction of lens speci®c genes (see Webster et al., 1994; Jean et al., 1998; Kamachi et al., 1998) . Subsequent lens ®ber differentiation also appears to be regulated by inductive signals between NR and lens (Coulombre and Coulombre, 1963; Yamamoto, 1976) . None of the FGFs expressed in the lens itself has yet been shown to induce lens ®ber differentiation (Lovicu and Overbeek, 1998) . For example, transgenic mice overexpressing Fgf-3, -5, -7, or -9 in the lens undergo early ®ber differentiation but these FGFs are not expressed at the right time and place to normally be involved in this process (reviewed in Chamberlain and McAvoy, 1997; Lovicu and Overbeek, 1998) . In contrast, Fgf-1 and Fgf-2 are both expressed in the developing lens (de Iongh and McAvoy, 1992) , but overexpressing transgenic mice do not show any signs of early ®ber differentiation (Robinson et al., 1995b; Stolen et al., 1997) .
In this study we show that Fgf-8 is expressed in a spatiotemporal pattern in the presumptive NR so as to be involved in both the initiation of lens development and in lens ®ber differentiation. L-Maf, a bZip transcription factor belonging to the Maf-oncogene family binds and activates crystallin genes and induces lens ®ber differentiation (Ogino and Yasuda, 1998) . We show that FGF-8 applied at the time of initiation of lens morphogenesis leads to upregulation of L-Maf as well as formation of elongated lens cells and ectopic lens tissue. In agreement with this, transgenic mice which overexpress Fgf-8 in the lens undergo ®ber differentiation of anterior epithelial cells (Lovicu and Overbeek, 1998) . However, since Fgf-8 transcripts have not been detected in the mouse NR FGF-8 has been excluded as a candidate in lens ®ber differentiation (Lovicu and Overbeek, 1998) . Whether the apparent absence of FGF-8 in mouse re¯ects species differences or variation in the experimental procedures used in the two studies is not known. Nevertheless, to date FGF-8 is the only family member expressed in the eye (this study) that is able to induce lens ®ber differentiation in vivo (this study; Lovicu and Overbeek, 1998) .
Material and methods
FGF-8 application
A 2-ml drop of recombinant mouse FGF-8b (1 mg/ml; R&D Systems) was placed in the middle of a small plastic petri dish and about 8 drops (10 ml) of distilled water were placed around it to keep it from evaporating. Heparinized acrylic beads (H5263, Sigma), 50±100 mm in diameter, were added to the FGF-8 solution, taking care to avoid transferring¯uid with the beads. These beads were incubated in FGF-8 for a minimum of 1 h at room temperature (RT). For control experiments beads were soaked in phosphate-buffered saline (PBS) according to the same protocol.
Fertile White Leghorn chicken eggs were incubated at 378C until they reached the desired stages of development (stages 8±18 according to Hamburger and Hamilton (1951) ). Using ®ne tungsten needles the embryonic membranes were removed and a small incision made posterior to the optic vesicle/cup, between the head mesenchyme and ectoderm. An FGF-8-soaked bead was transferred to the egg using ®ne forceps and placed immediately posterior to the optic vesicle/cup. The embryos were returned to the incubator to continue development. At the desired stage the embryos were ®xed in 4% paraformaldehyde in PBS at 48C for 24±48 h. Those to be used for whole-mount in situ hybridization were dehydrated and stored in 100% methanol, and those to be prepared for immunohistochemistry or for in situ hybridization on sections were cryoprotected overnight in 30% sucrose in PBS at 48C.
Assaying gene expression in chick embryos with in situ hybridization
In situ hybridization was performed on whole embryos according to Wilkinson (1993) and Henrique et al. (1995) , and on cryostat sections using the technique of Reissmann et al. (1996) . Antisense RNA probes speci®c for chicken Fgf-8 (T3 polymerase; NotI-linearized pBsKII), Rx (T7 polymerase, BamHI-linearized pBsSK), Sgx-1 (T3 polymerase, HindIII-linearized pBsSK(2)-Hx4), Pax-6 (T7 polymerase, BglII-linearized pSP73/cPax6(3±4)), Bmp-7 (T3 polymerase, XhoI-linearized pBs), islet-1 (T7 polymerase, XbaIlinearized pBsSK), Choline acetyltransferase (ChAT; T7 polymerase, EcoRI-linearized pBsSK), and Cash-1 (T3 polymerase, XhoI-linearized pBsSK) were used. After examination of the expression pattern in whole mounts, further details were determined by embedding the embryos in Tissue Tek OCT compound (Fisher) and sectioning them with a cryostat (16±20 mm thickness).
Immunohistochemistry
To study the long term effect of FGF-8 application on retinal differentiation, embryos operated at stages 10±14 were left to develop until stages 31±36 and assayed for the expression of various proteins indicative of tissueand/or cell-speci®c differentiation by immunohistochemistry. The antibodies used were: monoclonal 1D12 for synaptotagmin (Takahashi et al., 1991) and polyclonal anti-GABA and anti-Glycine (gift of D. Pow). Embryos were ®xed in 4% PFA overnight, cryoprotected in 30% sucrose, embedded in OCT and frozen. Tissue was cut with a cryostat at 10±16 mm thickness and mounted onto microscope slides. Aliquots of diluted primary antibody (synaptotagmin 1:25 000, anti-GABA, anti-glycine 1:400) were pipetted onto each slide and incubated overnight at 48C. Afterwards, the slides were stained with bis-Benzimide (5 mg/ml) or DAPI (1:1000) for 5 min and reacted with the secondary antibody at RT for 3±4 h.
